It has been demonstrated that a 1,4 dihydropyridine derivative, 2,6-dimethyl-4 (3-nitrophenyl)-1,4-dihydropyridine-3,5 dicarboxylic acid 3-[2-(N-benzyl-N-methyl amino)] ethyl ester hydrochloride (nicardipine hydrochloride, YC-93, Fig. 1 ) was 100 times as potent as other vasodilating drugs such as papaverine, isoxsuprine or cinnarizine, in causing dilation of cerebral and coronary arteries (1, 2). The pharmacological characteristics of nicardipine suggest a direct action of the drug on vascular smooth muscle without acting through specific receptors.
*To whom reprint requests should be addressed .
Sakamoto et al. (3) reported that nicardipine is a potent inhibitor of cyclic AMP phos phodiesterase (PDEase) with an increase in a cyclic AMP level in the coronary artery. To elucidate the biochemical mechanism for relaxation of smooth muscle induced by nicardipine, we focussed our attention on the effect of the drug on calcium uptake by microsomes isolated from rat uterus, in relation with cyclic AMP. We have already found the stimulation by cyclic AMP of rat uterine microsomal calcium uptake under appropriate conditions (4, 5), and the uterine microsomes have the ability to accumulate sufficient amounts of calcium to regulate contraction of smooth muscle (6-8). The present work is a description of the stimu lation by nicardipine of microsomal calcium uptake which may trigger the relaxation of rat uterus.
MATERIALS AND METHODS

Materials:
Cyclic AMP and Millipore filter disks were obtained from Boehringer/ Mannheim-Yamanouchi and Millipore Japan, respectively.
Nicardipine was prepared in our laboratories.
[3H]Cyclic AMP (27 Ci/ mole) and 45CaC12 (2 Ci/mole) were purchased from New England Nuclear. [r 32P]ATP (12 Ci/mole) was prepared by the method of Post and Sen (9).
Animals: Virgin female Sprague-Dawley rats (200 to 250 g) in estrus, as determined by vaginal smear examination, were decapitated and the uterus was quickly removed and cleaned of fat and connective tissue.
Determination of isometric contraction of isolated rat uterus: Contraction of the isolated uterus was determined by a slight modification of the method of Mitznegg et al. (10) . An isolated strip of rat uterus was suspended in Tyrode's solution bubbled with 95% 02-5% C02 mixture gas at 37'C.
The solution contained 137 mM NaCI, 2.7 mM KCI, 1.1 MM MgCl2, 1.8 mM CaCl2, 0.42 mM NaH2 P04, 11.9 mM NaHC03 and 5.5 mM glucose. Preparation of microsomes: The micro somal fractions were prepared from rat uterus at 4°C as described previously (4, 5). The cleaned uteri (10 g) were homogenized with a Polytron homogenizer (KINEMATICA) in 90 ml of ice-cold 0.33 M sucrose containing 10 mM histidine/HCI buffer, pH 6.8. The homogenate was centrifuged at 12,000 x g for 20 min and the supernatant was further centrifuged at 105,000 x g for 60 min. The resulting pellet (50 mg of protein) was used for the microsomal fractions after resus pension in 20 mM histidine/HCI, pH 6.8. These microsomal preparations were virtually devoid of the activity of succinic dehydro genase as a marker for mitochondria as determined by the method described previously (4).
Protein was determined by the method of Lowry et al. (11) with bovine serum albumin as a standard.
Standard assay for microsomal calcium uptake: Calcium uptake by rat uterine micro somes was determined as described in the previous papers (4, 5).
Freshly preparec microsomes (100 to 200 /cg of protein) werE preincubated for 1 min at 25°C in a tota volume of 0.2 ml containing 120 mM KCI 2.5 mM Tris/oxalate, 250 fiM ATP, 500 AN MgC12 and 10 mM histidine/HCI buffer pH 6.8. The calcium uptake reaction waE started by addition of 45Ca/EGTA buffet containing 125 ,uM 45CaC12 (0.4 Ci/mole) anc 391 aM EGTA [the calculated concentration of free calcium is 1 tiM (12)]. After 1 min of the incubation at 25'C the uptake reaction was stopped by passing through a Millipore HA (0.45 nm) filter disk under vacuum upon addition of 2 ml of ice-cold 45Ca/EGTA-free medium. The filter disk was then washed 3 times with 2 ml of the 45Ca/EGTA-free medium. The radioactivity on the filter disk was counted using Bray's scintillator (13) .
Assay for PD Ease activity: PD Ease activity was determined by the method of Terai et al. (14) . The standard incubation mixture with a total volume of 0.5 ml contained 30 mM Tris/HCI, pH 7.5, 5 mM MgC12, 1 mM 2 mercaptoethanol, 100 mM NaCI, 0.5 to 20 PM [3H]cyclic AMP (1 to 10 Ci/mole), 50 ag of bovine serum albumin and an appropriate amount of the enzyme. The homogenates of rat uterus were employed as the enzyme solution. Incubations were carried out for 5 min at 37'C and stopped by placing the test tube in a boiling bath for 2 min. The reaction mixture was cooled and further incubated for 30 min at 37'C after addition of 50 ug Naja heja snake venom as a source of 5'-nucleotidase in order to convert completely
Following addition of 0.5 ml of 0.5 mM carrier adenosine the total mixture was applied to a Dowex-1 (CIform) column (0.7x2.0 cm). Adenosine eluted with 0.1 M Tris/HCI, pH 7.5, was determined by counting its radioactivity.
Assay for adenylate cyclase and cyclic AMP-dependent protein kinase: Adenylate cyclase activity in rat uterine microsomal preparations was measured by the method of Kebabian et al. (15) by measuring the amount of cyclic AMP formed in each assay tube by the binding method of Brown et al. (16) .
Protein kinase activities in the microsomal fractions were determined by measuring the incorporation of 32Pi from [y-32P]ATP into histones by the method of Maeno et al. (17) and into a endogenous membrane-bound protein, Protein A as described previously (5).
Assay for ATPase activities: Myosin ATPase activity was measured using purified uterine myosin according to Perry (18) . Rat uterus was homogenized with a Polytron homogenizer (KINEMATICA) in 3-volume of Guba-Straub solution (19) .
Myosin was purified through the repeat of precipitation and solubilization by changing the salt concentration (18) . Ca2+-ATPase activity in the microsomal fractions was assayed by measuring [r 32P]ATP hydrolysis by the method of described previously (5).
Ca2+-activated activity was obtained from the difference between the amounts of Pi generated in the presence and absence of 100 W Ca2+ in the incubation. On the other hand, nicardipine had no significant influence on both basal and NaF stimulated activities of adenylate cyclase of rat uterine microsomal preparations at the concentrations of 1 and 10 tiM (the activities in the absence and presence of 10 mM NaF were 15.8±2.6 and 30.7±5.9 pmol of cyclic AMP formed/min/mg of protein, respec tively).
Nicardipine slightly inhibited the activities only at a concentration as high as 100 ,aM.
Cyclic AMP-dependent protein kinase activities were not inhibited either by nicardipine at the concentrations inhibiting PDEase, as determined by using not only histone but also an endogenous membrane bound protein, Protein A as a substrate (4, 5).
Effect of nicardipine on microsomal calcium uptake: It has been demonstrated that rat uterine microsomal calcium uptake is stimulated by cyclic AMP (4, 5), thus effects of nicardipine on uterine microsomal calcium uptake were also studied. Nicardipine and papaverine enhanced the microsomal calcium uptake in a dose-dependent manner as shown in Table 2 . No additive effect of the drugs was found on the maximal uptake obtained by 5 ,oM cyclic AMP, implying that nicardipine and papaverine may mimic the action of cyclic AMP. The amount of cyclic AMP in the uptake reaction mixture was elevated dose-dependently by the drugs during the incubation (Fig. 6) .
Effects of nicardipine on myosin ATPase activity and microsomal Cat+-activated ATPase activity: Table 3 shows that nicardip ine at 1 and 10 ,uM and papaverine at 10 and 100 ,uM had no significant effect of ATPase activity in uterine purified myosin.
Cat+-activated ATPase activity was determined in uterine microsomes in the absence and presence of 100 aM Ca2+. Neither nicardipine at 1 to 100 jiM nor papaverine at 100 iM had any significant effect on the activities in the absence or presence of Ca2+. It is likely that the enhancement of the microsomal calcium uptake triggers the relaxation of uterine smooth muscle (6-8).
Papaverine a nonspecific smooth muscle relaxant and an inhibitor of PDEase has effects similar to those of nicardipine on the microsomal calcium uptake. It has been reported that papaverine inhibits various PDEase activities and increases the intra cellular cyclic AMP level in several kinds of smooth muscles (20) (21) (22) .
It was also demonstrated that an inhibitory potency of papaverine on PDEase activity of the pre parations from several smooth muscles cor relates closely with its relaxing activity on each muscle (20, 21) . Carpendo et al. (23) reported that papaverine and eupaverine enhance the rate of calcium uptake significantly in the isolated microsomes from rabbit white skeletal muscle. It is of interest that papaverine stimulates calcium uptake by microsomes from skeletal muscle as well as from smooth muscle.
Myosin ATPase of uterine smooth muscle plays an important role in the regulation of the smooth muscle contractility, similar to the case of the enzyme of skeletal muscle (24, 25) . Data shown in the present paper indicate that nicardipine has no direct significant effect on uterine myosin ATPase, suggesting that the relaxing effect of nicardipine on uterine smooth muscle is not due to an inhibition of the contractile apparatus directly.
We also found that Ca2+-ATPase of microsomes, which is assumed to couple with calcium uptake by sarcoplasmic reticulum (26, 27) , is not significantly affected by nicardipine. These results, however, do not necessarily rule out the possibility that enhancement of the micro somal calcium uptake may be mediated by stimulation of Ca2+-ATPase as discussed in a previous report (5). Stimulation of Ca2+ ATPase coupling with microsomal calcium uptake is computed to be only less than 10% of the total Cat+-ATPase activity in the microsomes since hydrolysis of one mole of ATP is able to transport two moles of Ca2+ (28) . This increased amount of Ca 2+-ATPase is virtually impossible to be detected with regard to total activities. It is not possible at present to distinguish Ca2+-ATPase which couples with the calcium transport from other kinds of Ca2+-ATPase.
Although the present studies confirm the involvement of cyclic AMP in the regulation of intracellular calcium movement in uterine smooth muscle as demonstrated previously (4, 5), there remains the possibility that the mode of action of nicardipine may be distinct in a smooth muscle, the contractility of which is mainly dependent upon extra cellular calcium such as in the case of rabbit aorta (29) . Our recent studies showed that nicardipine inhibits high K+-induced contraction of rabbit aortic smooth muscle with a concurrent inhibition of high K+ induced influx of calcium through the plasma membranes (30 
